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In this chapter, we briefly summarize the findings of the three previous chapters: 
Chapter 2, where a comprehensive database of action pictures and verbs with relevant 
psycholinguistic variables was presented; Chapter 3, which tackled the question of grey- 
and white-matter neural underpinnings of action naming; and Chapter 4, where patterns 
of verb and sentence processing in aphasia were investigated. The findings of the chapters 
are then collectively discussed, and further research directions are outlined. Finally, we 
summarize the clinical implications of our research. 
5.1. A STIMULI DATABASE OF ACTION PICTURES AND VERBS
To study verb processing in any population, including individuals with aphasia, one needs 
a set of materials that meet certain quality standards. Action naming tasks, for example, 
require action pictures with information about naming performance in neurologically 
healthy speakers of the language of interest available. Moreover, depending on the design 
of the assessment tool, the researcher or clinician may want to control for or manipulate 
relevant psycholinguistic variables that are known to influence the performance in one way 
or another. For the Russian language, high quality materials for verbs were unavailable up 
until recently. This motivated us to create the comprehensive database of action pictures 
and verbs that is presented in Chapter 2 of this dissertation. 
For 375 action pictures and their corresponding verbs, data on a number of 
psycholinguistic variables were collected from a large number (N = 100) of neurologically 
healthy speakers of Russian. For action pictures, the values of name agreement (% 
name agreement and H-statistic that shows naming diversity), conceptual familiarity, 
and subjective visual complexity were obtained. For verbs, the values of subjective age 
of acquisition, imageability, and image agreement were collected. Apart from the data 
collected in the normative study, data on objective visual complexity were added for each 
picture; information on verb length, argument structure, instrumentality, and name 
relation was provided; and values of verb lemma frequency were retrieved from an external 
source (Lyashevskaya & Sharov, 2009). All these data were assembled into a database and 
made available for clinicians and researchers. 
To ensure the reliability of the data, additional analyses were performed on the 
dataset. Thus, a correlational analysis showed general consistency with the previous 
literature regarding the presence and directions of the correlations between the variables. 
Comparison of the name agreement data to other available datasets showed that in some 
cases, name agreement was somewhat lower in our database, which warranted additional 
analysis of name disagreement sources. The results demonstrated that name disagreement 
was not related to low quality of the action pictures or norming procedures, but rather to 
the derivational morphology of the Russian language which allowed the participants to 
choose legitimate responses that were different from the target name. 
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5.2. NEURAL UNDERPINNINGS OF ACTION NAMING
Despite consistent interest in verb processing, its neural substrates remain largely 
understudied. Thus, to investigate the neural underpinnings of verb processing, we used 
the materials from Chapter 2 (Akinina et al., 2015) to design an action naming task which 
was administered to a large group of individuals with a left-hemisphere stroke-induced 
aphasia (N = 40). We then used a lesion analysis method, VLSM, combined with atlas-
based tools, to reveal grey- and white-matter areas that are critical to the lexical-semantic 
stages of action naming. This study is described in Chapter 3.
To assure that we are tapping into lexical-semantic stages of action naming, the 
phonological error rate was regressed out from the lexical error rate during the VLSM 
analysis. Regarding the cortical grey-matter regions, the study revealed that the left 
precentral gyrus, inferior frontal gyrus, and insula are critical to the lexical-semantic 
stages of action naming. Additionally, subcortical regions – the putamen, caudate nucleus, 
and globus pallidus – were involved. Analysis of the critically involved white-matter fibers 
revealed several long and short association tracts (the frontal aslant tract, inferior fronto-
occipital and uncinate fasciculi, superior longitudinal fasciculi II and III, long segment of 
the arcuate fasciculus, fronto-orbital polar and frontal inferior longitudinal tracts, and 
fronto-insular tract 4), and projection tracts (cortico-spinal, fronto-striatal, and fronto-
pontine tracts, and anterior thalamic projections). Commissural tracts (such as the corpus 
callosum) were also in the area critical for action naming; however, their involvement was 
not discussed. 
These findings are generally consistent with contemporary picture naming models, the 
embodied cognition framework, and models of semantic processing. The involvement of 
different brain regions can be often interpreted in multiple ways, and the segregation and 
further refinement of their function is impossible at this stage. For example, the involvement 
of the precentral gyrus, as a part of the motor processing network, complies with the 
embodied cognition hypothesis, according to which higher-order cognitive functions 
are grounded in lower-order processes of perception and action (Meteyard, Cuadrado, 
Bahrami, & Vigliocco, 2012). The inferior frontal gyrus is found in other studies to be a 
region pertaining to semantic stages of naming (e.g., Dell, Schwartz, Nozari, Faseyitan, 
& Branch Coslett, 2013), although one of the most influential neuroanatomical models of 
picture naming (Indefrey & Levelt, 2004; Indefrey, 2011) assumes its role in syllabification 
rather than lexical-semantic stages. On the other hand, there are semantic processing 
models that consider the inferior frontal gyrus a region crucial for semantic control (e.g, 
Binder & Desai, 2011; Jefferies, 2013; Lambon Ralph, Jefferies, Patterson, & Rogers, 2017; 
Pulvermüller, 2013), and many studies exist that demonstrate its role in different aspects 
of this function. This is another explanation of the inferior frontal gyrus’s involvement 
in our study. Finally, it is also possible that the inferior frontal gyrus is related to action 
concept processing (e.g., Urgesi, Candidi, & Avenanti, 2014). The inferior fronto-occipital 
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and uncinate fasciculi are both considered parts of the ventral information processing 
stream of confrontation naming (e.g., Duffau, Herbert, & Moritz-Gasser, 2013); thus, their 
involvement in our study is also consistent with the existing literature. 
While these findings generally comply with the existing body of research, we did not 
find expected involvement in the temporal or parietal lobes. However, this could be related 
to the poor lesion coverage in these areas in our cohort. Some of our findings are less often 
discussed in the context of picture naming or verb processing, such as the involvement of 
the left insula, the frontal aslant tract and superior longitudinal fasciculi II and IIII, short 
intra-lobar fibers, or cortico-subcortical networks. These finding have yet to be replicated 
in further studies. 
5.3. VERB PROCESSING AND ITS RELATION TO SENTENCE 
PROCESSING IN APHASIA
Verbs are central to sentence processing: they define the grammatical roles of other 
constituents in the sentence and often carry important morphosyntactic information. 
Retrieval and inflection errors in production result in agrammatical sentences, and 
failure to comprehend the verb and its morphosyntactic markers leads to unsuccessful 
sentence comprehension. Yet, despite the prevalence of verb and sentence processing 
impairments in aphasia across modalities and aphasia types, few studies investigate 
systematic relationships between verb and sentence processing. In Chapter 4, we make 
such an attempt and investigate individual-level patterns of verb and sentence impairment 
in aphasia in their correspondence to clinically diagnosed aphasia types. 
As our assessment tool, we use the VAST (e.g. Bastiaanse, Maas, & Rispens, 2000), a 
comprehensive battery of tasks designed to evaluate verb and sentence deficits in production 
and comprehension. The Russian version on the VAST (VAST-Ru) was administrated to 
54 PWA with different aphasia types and an age-matched neurologically healthy control 
group. The results demonstrated that on all the tasks except a nonverbal one, there was a 
significant difference between the groups, which demonstrated the validity of the Russian 
version of the battery.
To find patterns in the PWA performance, we first used a data-driven technique, 
k-means cluster analysis, to group participants on the basis of their performance on the 
tasks of the VAST-Ru. Two clusters were revealed as a result of the analysis, where one 
cluster scored significantly lower than the other on all the VAST-Ru tasks than the other. 
We thus interpreted that the clustering solution was based on the severity of impairment, 
with one cluster generally more severely impaired than the other. This conclusion was 
validated by comparing the clinically assessed impairment severity between the clusters: 
the cluster more severely impaired on the VAST-Ru tasks was indeed significantly more 
impaired as per clinical assessment.
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To continue the investigation of the patterns of verb and sentence impairment in PWA, 
we compared the scores of each individual PWA on each task to the control group. Thus, 
using the methodology of Crawford and colleagues (e.g. Crawford, Garthwaite, & Porter, 
2010), we identified which tasks of the VAST-Ru were impaired and which were spared for 
each PWA. The average number of impaired tasks was lower in the less impaired cluster 
than in the more impaired cluster.
Comparison of the clustering solution, as well as the individual patterns, to the 
clinically diagnosed aphasia types did not reveal any clear-cut correspondence. PWA with 
generally less severe aphasia types tended to be in the less impaired cluster, and those with 
more complex aphasia types were in the more impaired cluster. Otherwise, the aphasia 
types were distributed between the clusters. Different individual patterns of impairment 
were found in both clusters, and no repeatable patterns were identified within the aphasia 
types.
Thus, our study demonstrated the prevalence of verb and sentence impairment in 
aphasia irrespective of the aphasia type. No repeatable patterns of impairment were 
identified at this stage other than the difference in general severity of impairment.
5.4. VERB PROCESSING IN APHASIA – CONCLUSIONS AND FURTHER 
DIRECTIONS
In this dissertation, we studied verb processing in aphasia from two perspectives: a 
behavioral viewpoint and a neurolinguistic one. After preparation of materials in Chapter 
2, we conducted a study of grey- and white-matter neural substrates of lexical-semantic 
stages of action naming in a group of PWA (Chapter 3), and then assessed behavioral 
patterns of verb and sentence processing in PWA at the individual level (Chapter 4). In this 
section, we will coherently discuss our results and sketch possible directions of further 
research. 
In Chapter 4, we demonstrated that verb and sentence impairments are prevalent 
in aphasia, no matter the aphasia type. However, this was not an unexpected result: the 
majority of the tasks in the VAST are quite complex and require that multiple components 
of a tested process function properly. For example, sentence production is conceptually 
the most challenging task of the VAST; it requires that the verb lemma is retrieved, a 
sentence frame is built around the verb, the thematical roles are mapped onto grammatical 
roles, the verb is correctly inflected, and, depending on the language, moved into the 
correct position in the sentence (Bastiaanse, Hurkmans, & Links, 2006). Distributed 
over a network of brain regions, these linguistic subcomponents can be damaged due 
to lesions at various anatomical loci, leading to erroneous performance on the task (see, 
for example, Luria, 1980 and Shallice, 1988, for in-depth discussions of this approach). 
Moreover, in Chapter 3 we demonstrated that even a more circumscribed subcomponent 
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such as the lexical-semantic stage of verb retrieval can be in fact a composite process, 
possibly accommodating lexical retrieval, action semantics processing, and semantic 
control, which also hinge on a complex network of brain regions. 
The severity of an aphasic disorder could then reflect, among other things, the number 
of affected subcomponents of verb and sentence processing. This argument is partially 
supported by the results of Chapter 4, where PWA with more severe language impairments 
had deficits on a larger number of VAST-Ru tasks. Nevertheless, this is still an approximation: 
the task score in and of itself does not give us much information about the neurolinguistic 
locus of the underlying deficit. To determine this, a combination of the tasks and qualitative 
errors made by PWA should be analyzed, following the logic of single-case research 
methodology (e.g. Caramazza, 1986; Shallice, 1988). We did not perform such an analysis 
at this stage; however, the VAST is a powerful tool that provides the means to determine 
the locus of impairment more precisely. For example, information about the effects of 
crucial psycholinguistic variables for verbs in most of the tasks and for nouns in the Object 
Naming task (such as lemma frequency, imageability, age of acquisition etc.) may tell us 
which stages of lexical retrieval are impaired; the effects of sentence type on performance 
can be examined; and error types in production and comprehension can be analyzed and 
compared. This gives us two directions of further research, one at the individual and one at 
the group level, each following up a chapter of this dissertation.
At the individual level, we could perform an analysis similar to the one conducted in 
Chapter 4, but using more conceptually rich information than just the scores on each task. 
Approximations of the locus of the impairment could be modelled in terms of abstract 
parameters, such as lemma retrieval and syntactics, similar to lexical retrieval models 
(e.g. Foygel & Dell, 2000). Alternatively, composite scores for different processes could 
be derived based on a combination VAST raw scores and error types (e.g., Doesborgh 
et al., 2003; Wilson, Eriksson, Schneck, & Lucanie, 2018). We can then try to identify 
repeatable patterns of verb and sentence impairment in PWA in terms of their supposed 
locus of impairment (Chapter 4 follow-up). At the group level, we could use those scores 
to pinpoint the neural underpinnings of different subprocesses of verb and sentence 
processing using VLSM (Chapter 3 follow-up). To apprehend their complex network 
organization, approaches that help reveal networks of brain regions rather than single 
brain loci can be used (see Karnath, Sperber, & Rorden, 2018, for an overview).  
5.5. CLINICAL IMPLICATIONS
There are several clinical implications to our work. Some of them are products that are 
immediately applicable in clinical practice. Others are considerations for clinicians and 
researchers who work with aphasia regarding diagnostic procedures and interpretations 
of symptoms. Below we discuss them briefly. 
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First of all, our work resulted in two directly applicable tools: a database of action 
pictures and verbs (Chapter 2; Akinina et al., 2015), and a battery for the assessment 
of verb and sentence impairment in Russian – the VAST-Ru (Chapter 4; Akinina et al., 
under review). The database materials have already been included in several diagnostic 
tests in Russian, such as the Russian Intraoperative Naming Test (Dragoy, Chrabaszcz, 
Tolkacheva, & Buklina, 2016) – a test for intraoperative language mapping during awake 
neurosurgery; KORABLIK (Arutiunian et al., in preparation; Lopukhina et al., 2019) – 
a standardized test for language development assessment in children; and the Russian 
Aphasia Test (RAT; Ivanova et al., 2019; Ivanova et al., in preparation) – one of the first 
comprehensive tests for post-stroke aphasia diagnostics in Russian that conforms with 
contemporary neurolinguistics knowledge and psychometric standards. The VAST-Ru 
is, to our knowledge, the first assessment tool in Russian that comprehensively evaluates 
different aspects of verb and sentence processing in production and comprehension. A 
full-scale standardization and collection of normative data was beyond the scope of our 
study at this stage. Nevertheless, the majority of VAST-Ru tasks reliably discriminate 
between PWA and neurologically healthy controls and can be used to assess verb and 
sentence impairment in aphasia. 
The analysis of action naming disagreement conducted in Chapter 2 revealed that a 
significant number of action pictures in the database exhibited considerable variation in 
the elicited names. However, although many items obtained relatively low name agreement 
(< 80%), the multiple names that the pictures elicited were not at all erroneous. Among 
the potential factors that contributed to the naming disagreement was the derivational 
morphology of the Russian language, i.e., the use of more specific verbs with prefixes 
on par with more general verbs without prefixes, or verbs with a prefix different from 
the target one. This means that, when used in research or in clinical settings, the action 
pictures in our database are likely to elicit a variety of legitimate names instead of one 
expected response. This has consequences for scoring in the action naming tasks: instead 
of counting one dominant response as correct, researchers should consider alternative 
names as also correct, using a reasonable cutoff (e.g., at least 5% of respondents in the 
normative study should give the alternative response). This effect may also hold in other 
languages with rich derivational morphologies, and consequently should be considered in 
naming studies; however, to confirm this suggestion, further research is needed. 
The cluster analysis presented in Chapter 4 of this dissertation split the PWA into two 
groups, based on their overall severity of impairment in multiple VAST-Ru tasks, which 
also correlated with general severity of the aphasic impairment. The lack of correspondence 
between aphasia types and patterns of verb and sentence impairment demonstrate 
that the underlying neurolinguistic locus of the impairment should be assessed before 
a group patient study is conducted (see also Caramazza, 1984 and Caramazza, 1986, 
for a discussion). Ideally, the combination of spared and impaired tasks, as well as the 
qualitative nature of the errors made by the PWA, should help the researcher or clinician 
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to identify the neurolinguistic locus of the underlying impairment and to develop an 
adequate treatment program. However, with such prevalence of PWA impaired on multiple 
tasks, this approach could prove problematic, requiring a more elaborate modelling of the 
underlying locus of the deficit from the data. The influence of general severity on the 
results also implies that it should be considered when conducting neurolinguistic research 
in PWA whenever possible. 
